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Trends in the incidence of venous stasis syndrome
and venous ulcer: A 25-year population-based
study
John A. Heit, MD,a Thom W. Rooke, MD,a Marc D. Silverstein, MD,e David N. Mohr, MD,b Christine
M. Lohse, BS,c Tanya M. Petterson, MS,c W. Michael O’Fallon, PhD,c and L. Joseph Melton III, MD,d
Rochester, Minn, and Charleston, SC
Background: The incidence rates of venous stasis syndrome and venous ulcer are uncertain, and trends in incidence are
unknown.
Methods: We performed a retrospective review of the complete (inpatient and outpatient) medical records of a commu-
nity population (Olmsted County, Minnesota) to estimate the incidence of venous stasis syndrome and venous ulcer
during the 25-year period, 1966 to 1990, and to describe trends in incidence.
Results: A total of 1131 patients received a first lifetime diagnosis of venous stasis syndrome. A total of 263 patients
received a first lifetime diagnosis of venous ulcer. The overall incidence of venous stasis syndrome and venous ulcer were
76.1 and 18.0 per 100,000 person-years, respectively. The incidence of both was higher in women than in men (83.7
vs 67.4 per 100,000 person-years for venous stasis syndrome; 20.4 vs 14.6 per 100,000 for venous ulcer) and increased
with age for both sexes. There was no clear trend in the incidence of venous stasis syndrome over the 25-year period.
Compared with 1966 to 1970, the incidence of venous ulcer decreased in 1971 to 1980, but was unchanged after 1981.
Among 945 patients with venous stasis only, 60 subsequently had a venous ulcer. The average (± SD) time from venous
stasis diagnosis to development of a venous ulcer was 5.0 (± 5.0) years.
Conclusion: Venous stasis syndrome and venous ulcer are common, especially in the elderly population. The incidence
of venous stasis syndrome has not changed since 1966, and venous ulcer incidence is unchanged since 1981. More accu-
rate identification of patients at risk for venous stasis syndrome and venous ulcer and more effective prevention are
needed. (J Vasc Surg 2001;33:1022-7.)
The venous stasis syndrome consists of dependent leg
pain and swelling, skin pigmentation, eczematous der-
matitis, and lipodermatosclerosis.1 The most severely
affected patients may also have development of one or
more venous ulcers that are painful, difficult to heal, and
recur frequently.2 The venous stasis syndrome is associated
with substantial impairment and cost, including lost pro-
ductivity, as well as direct health care expenditures.3-5 In
spite of its clinical importance, the incidence of venous sta-
sis syndrome and venous ulcer is unknown. Moreover, the
reported prevalence of these conditions varies widely,
ranging from 2.8% to 15% for venous stasis syndrome6-11
and from 0.05% to 1.52% for venous ulcer.2,8,12-18 A num-
ber of methodologic factors may have contributed to these
discrepancies, including differences in disease definition,
case ascertainment, and the population under study.19,20
Because of these limitations, we performed a study to esti-
mate the incidence of venous stasis syndrome and venous
ulcer and to describe trends in incidence over a 25-year
period.
METHODS
Study design and method. Using the data resources of
the Rochester Epidemiology Project,21 we identified the
inception cohort of Olmsted County, Minnesota, residents
with a first lifetime diagnosis of venous stasis syndrome or
venous ulcer during the 25-year period, 1966 through
1990. Olmsted County (1990 population, 106,470) is
located 90 miles southeast of Minneapolis, Minn.
Population-based epidemiologic studies are possible in this
setting because medical care is largely self-contained within
the community. Most of the care is provided by the Mayo
Clinic, with approximately 1240 staff physicians and two
large affiliated hospitals, and the Olmsted Medical Center,
with approximately 86 staff physicians and its affiliated
Olmsted Community Hospital. The Mayo Clinic and its
affiliated hospitals (St Mary’s and Rochester Methodist)
have maintained a common medical record system since
1907. The Mayo Clinic unit medical record thus contains
both inpatient and outpatient data that are easily retriev-
able for review. The medical diagnoses and surgical proce-
dures entered into these medical records have been
indexed in an automated form since 1935. The index
includes diagnoses made from outpatient office visits and
clinic consultations, emergency department and nursing
home care, hospitalizations, autopsy examinations, and
death certification.22 The medical records of the Olmsted
Medical Center, Olmsted Community Hospital, and the
other medical care providers who serve the residents of
Olmsted County are also indexed and retrievable.21 Thus,
the details of all medical care provided to the residents of
Olmsted County are available for study.
Identification of the cohort. After approval by the
Mayo Institutional Review Board, a master list of Olmsted
County residents who had venous stasis syndrome, venous
ulcer, or similar diagnoses, or any diagnostic test or proce-
dure that could be used in the diagnosis of venous stasis
syndrome or venous ulcer, was constructed by searching
the following data sources. The Medical Diagnostic Index
was searched to identify all patients with diagnoses of vari-
cose veins, varicose ulcer, stasis ulcer, venous insufficiency,
postphlebitic syndrome, superficial vein thrombosis,
venous stasis, and similar diagnoses. The Mayo Clinic
Vascular Laboratory database was searched to identify 
all patients undergoing impedance plethysmography,
Doppler ultrasound scanning, or duplex ultrasound scan-
ning for venous disease. Finally, the Mayo Clinic billing
database was searched to identify all patients with charges
for noninvasive vascular laboratory tests, including imped-
ance plethysmography and Doppler ultrasound scanning.
Definition of venous stasis syndrome and venous
ulcer. Venous stasis syndrome was considered present if
one or more of the following criteria were documented in
the medical record: (1) a physician diagnosis of venous sta-
sis syndrome, venous insufficiency, venous incompetence
or postphlebitic syndrome, or documentation of stasis pig-
mentation, stasis dermatitis, lipodermatosclerosis, or
indurated cellulitis in the absence of other known causes
such as diabetes, arterial occlusive disease, or trauma; (2)
venous valvular incompetence or venous outflow obstruc-
tion documented by exercise venous plethysmography, a
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continuous-wave Doppler examination performed in the
Mayo Clinic Vascular Laboratory, impedance plethysmog-
raphy, venous duplex ultrasound scanning, or ascending or
descending lower extremity venography; or (3) a venous
ulcer. A venous ulcer was considered present if the medical
record documented a physician diagnosis of a venous ulcer
or biopsy evidence of a venous ulcer.
Incidence criteria. Eligibility for this analysis re-
quired that the patient have a first lifetime diagnosis of
venous stasis syndrome or venous ulcer while an Olmsted
County resident during the study period January 1, 1966,
through December 31, 1990. Residency in Olmsted
County was confirmed by review of each patient’s medical
record to verify the patient’s address on the date of diag-
nosis. In making these determinations, we had access to a
mean of 30.8 ± 18.3 years (median, 31 years) of docu-
mented medical history before the first diagnosis of
venous stasis syndrome or venous ulcer in these patients.
Data collection. Four experienced nurse abstractors
reviewed the complete inpatient and outpatient records
from all providers of medical care in the community for
each potentially eligible patient. Baseline characteristics
were abstracted for each patient who met the inclusion
criteria, including age at incident event, sex, calendar
year of diagnosis, and event type (venous stasis syndrome
or venous ulcer). Data were entered directly into a rela-
tional database that included checks for ranges and con-
sistency. During the first year, a sample of medical
records was independently reviewed by all abstractors to
provide a measure of interobserver and intraobserver
variability to identify and correct problems in data col-
lection, interpretation of definitions, and application of
study criteria. Subsequently, we performed an extensive
series of checks for consistency, proper sequences of
dates, and evaluation of missing or incomplete data. All
edits were reviewed with the nurse abstractor who origi-
nally collected the data. If necessary, medical records
were reviewed again, and questions were resolved by the
physician investigators.
Table I. Annual incidence of venous stasis syndrome among Olmsted County, Minn, residents for the 25-year period,
1966 to 1990, by sex and age group
Women Men Overall
Age group (y) N Rate* N Rate* N Rate*
15-34 86 20.8 43 12 129 16.7
35-44 81 55.6 42 29.5 123 42.7
45-54 113 104.8 66 62.8 179 84.1
55-64 110 127.8 87 113 197 120.8
65-74 104 154.2 90 186.5 194 167.7
75-84 158 351 67 279.8 225 326.3
≥ 85 65 364.8 19 306.3 84 349.7
Total 717 83.7† 414 67.4† 1131 76.1‡
*Incidence per 100,000 person-years.
†Incidence per 100,000 person-years directly age-adjusted to the 1980 US white population.
‡Incidence per 100,000 person-years directly age- and sex-adjusted to the 1980 US white population.
Data analysis. Incidence rates (per 100,000 person-
years) were calculated by use of incident cases of venous
stasis syndrome or venous ulcer as the numerator, and age-
and sex-specific estimates of the population of Olmsted
County as the denominator. The population at risk was
estimated with census data for 1960, 1970, 1980, and
1990, with linear interpolation for the intercensal years.23
Because the population of Olmsted County was 96%
white, the sex-specific and overall incidence rates were
directly adjusted to the 1980 United States white popula-
tion. CI estimates for the incidence rates were based on
the Poisson distribution.23
The relationships between the incidence of venous sta-
sis syndrome and the incidence of venous ulcer and age, sex,
and calendar year were assessed by use of generalized linear
models. All subjects were grouped into seven age intervals
(15-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85+) and
eight calendar-year intervals (1966-1969, 1970-1972,
1973-1975, 1976-1978, 1979-1981, 1982-1984, 1985-
1987, and 1988-1990). Because of the smaller number of
venous ulcer events in this time frame, ages were collapsed
into three intervals (15-54, 55-74, and 75+), and calendar-
year into five intervals (1966-1970, 1971-1975, 1976-
1980, 1981-1985, and 1986-1990). These models fit the
natural logarithm of crude incidence rates as a linear func-
tion of the variables of interest, with the Poisson distribu-
tion used to model the error structure. Model fit was
assessed by use of the scaled deviance, which is a measure of
how well the observed and predicted rates agree. The
model fits the data well if the expected value of the scaled
deviance is approximately equal to its degrees of freedom.
Initially, models were fit with categorical terms used for age,
sex, and calendar-year. In an attempt to simplify the models
further, linear and quadratic terms for age and year with the
midpoints of the intervals listed above were evaluated.
RESULTS
Venous stasis syndrome. A total of 1131 Olmsted
County residents received a first lifetime diagnosis of
venous stasis syndrome; 252 (22.3%) diagnoses were
based on laboratory test results. The positive laboratory
test results performed by trained technicians within the
Mayo Clinic Vascular Laboratory included venous contin-
uous wave Doppler examination (n = 223), exercise
venous plethysmography (n = 33), and impedance plethys-
mography (n = 15). One diagnosis was based on venous
duplex ultrasound scanning, six diagnoses were based on a
venography, and the remaining diagnoses were based on
clinical criteria.
The overall age- and sex-adjusted incidence of venous
stasis syndrome was 76.1 per 100,000 person-years. The
age-adjusted incidence was higher among women (83.7
per 100,000 person-years) than men (67.4 per 100,000
person-years), for a female/male sex ratio of 1.24:1.
Venous stasis syndrome incidence increased with age for
both males and females (Table I and Fig 1). However, in
women, incidence rates increased rapidly in younger ages
and leveled off during the menopausal years. In contrast,
the incidence of venous stasis syndrome in men increased
at about the same rate as in women for younger ages but
did not level off with increasing age. Compared with 1966
to 1969, the incidence of venous stasis syndrome
decreased significantly in 1970 to 1972 (P = .03) and
increased significantly during 1985 to 1987 (P = .03; Fig
2). However, there was no clear trend in venous stasis syn-
drome incidence over the 25-year study period.
Venous ulcer. A total of 263 Olmsted County resi-
dents received a first lifetime diagnosis of venous ulcer.
Two diagnoses were based on pathologic examination
from a skin biopsy specimen, whereas the remaining diag-
noses were based on clinical criteria.
The overall age- and sex-adjusted venous ulcer inci-
dence was 18.0 per 100,000 person-years. The age-
adjusted incidence also was higher among women (20.4
per 100,000 person-years) than men (14.6 per 100,000
person-years) for a sex ratio of 1.40:1. The incidence of
venous ulcer also increased linearly with age and was
higher in females than males (Table II and Fig 3).
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Fig 1. Average annual incidence of venous stasis syndrome
among residents of Olmsted County, Minn, 1966 to 1990, by sex
and age group.
Fig 2. Age-adjusted incidence of venous stasis syndrome among
residents of Olmsted County, Minn, 1966 to 1990, by sex and
calendar year.
Compared with 1966 to 1970, venous ulcer incidence
decreased from 1971 to 1980 (P < .0001) but remained
unchanged after 1981 (Fig 4).
Among the 1131 incident cases of venous stasis syn-
drome, there were 945 patients with only venous stasis
and no previous venous ulcer. Sixty of these 945 patients
subsequently had development of a venous ulcer. The
average (± SD) time from venous stasis diagnosis to devel-
opment of a venous ulcer was 5.0 (± 5.0) years, with a
range of 14 days to 24 years.
DISCUSSION
Our study shows that the overall age- and sex-adjusted
incidence of venous stasis syndrome is almost 1 per 1000
per year. Although the incidence of venous ulcer is only
about one fifth as much, given the chronicity of these
ulcers, venous ulcer also represents a major health problem.
With our age- and sex-specific incidence rates for the most
recent 3-year time period, 1988 to 1990, projected to the
1990 United States white population, we estimate that at
least 150,474 new cases of venous stasis syndrome and
20,556 new cases of venous ulcer occur in this country
annually. Using estimated 1990 to 1991 annual direct costs
of $1735 and $7460 incurred for each new case of venous
stasis syndrome and venous ulcer,5 respectively, we estimate
annual expenditures of $261.1 million and $153.4 million
for each in 1990. We think these figures may underestimate
the true costs of venous stasis syndrome and venous ulcer
for the following reasons. Additional cases may occur
among the non-white population; however, we were
unable to address venous stasis syndrome incidence among
minority populations because of the demographic structure
of the Olmsted County population (96% white in 1990).
Thus, our observed venous stasis syndrome and venous
ulcer incidence likely underestimates the true United States
incidence rates. Venous ulcer recurs frequently, with an
estimated annual recurrence rate of 33% to 42%,2,24 and
additional cost is incurred for each recurrence. Finally,
inflation and additional indirect costs resulting from
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impairment would further increase the total cost of care for
these disorders in today’s dollars.
Our study shows that both venous stasis syndrome
and venous ulcer are diseases of older age, with about a
20-fold increase in incidence when the oldest age group is
compared with the youngest group. These findings are
consistent with the increased prevalence of venous stasis
ulcer with older age,8,12,15-17,25,26 The cause for this
increased incidence in older age is uncertain. Primary
venous valve incompetence can be a cause of venous stasis
syndrome,27 and venous valve incompetence may occur
when a vein becomes varicose. However, data from the
Framingham Study suggest no clear effect of age on the
incidence of varicose veins.28
We found the overall age-adjusted incidence of venous
stasis syndrome was 24% higher in women, and the inci-
dence of venous ulcer was 40% higher. These findings also
are consistent with most, but not all, studies showing a
higher prevalence of venous ulcer among women8,15-17,26
compared with men.11 The reason(s) for this difference by
sex is uncertain. In the Framingham study, the 2-year inci-
dence of varicose veins was 33% higher in women (52 vs
39 per 1000 for women vs men, respectively).28 Thus, the
higher incidence of varicose veins may partly account for
the higher incidence of venous stasis syndrome and ulcer
in women. However, we emphasize that varicose veins
were not a part of our definition for venous stasis syn-
drome. The venous stasis syndrome and venous ulcers also
can be complications of previous venous thromboem-
bolism (eg, the “postphlebitic syndrome”). However, we
previously showed that the overall age-adjusted incidence
of venous thromboembolism is about 20% higher in men
compared with women (130 vs 110 per 100,000).29 We
also showed that women are not more susceptible than
men to development of venous stasis syndrome after
venous thromboembolism.30 However, there may be
other as yet unknown causes of venous stasis syndrome
and venous ulcer that affect women more than men. We
also found that venous stasis syndrome incidence among
Table II. Annual incidence of venous ulcer among Olmsted County, Minn, residents for the 25-year period, 
1966-1990, by sex and age group
Women Men Overall
Age group (y) N Rate* N Rate* N Rate*
15-34 6 1.5 8 2.2 14 1.8
35-44 15 10.3 9 6.3 24 8.3
45-54 20 18.5 12 11.4 32 15
55-64 35 40.7 17 22.1 52 31.9
65-74 25 37.1 22 45.6 47 40.6
75-84 50 111.1 14 58.5 64 92.8
≥ 85 24 134.7 6 96.7 30 124.9
Total 175 20.4† 88 14.6† 263 18.0‡
*Incidence per 100,000 person-years.
†Incidence per 100,000 person-years directly age-adjusted to the 1980 US white population.
‡Incidence per 100,000 person-years directly age- and sex-adjusted to the 1980 US white population.
women increased rapidly in younger ages (eg, during
reproductive years) and leveled off during the menopausal
years. Lower extremity swelling and varicose veins are
common complications of pregnancy, but these complica-
tions usually resolve after delivery. Thus varicose veins and
lower extremity swelling during pregnancy seem to be an
unlikely explanation for our findings. Additional studies
are necessary to resolve these issues.
We found important changes in the incidence of
venous ulcer over the 25-year study period. Compared
with 1966 to 1970, the incidence of venous ulcer was less
by 1971 to 1980 but remained essentially unchanged
thereafter. Equally important, the incidence of venous sta-
sis syndrome was essentially unchanged from 1966
onward. Given the severe impairment and high costs asso-
ciated with venous stasis syndrome and venous ulcers,3-5
these findings have important implications. Clearly, addi-
tional efforts are needed to identify patients at risk to
reduce the incidence of venous stasis syndrome. Similarly,
for those patients with venous stasis syndrome, additional
efforts are needed to identify patients at risk for venous
ulcer, and additional therapies and better use of effective
therapies (eg, graduated compression stocking therapy)31
are needed. Although graduated compression stocking
therapy was standard care for venous stasis syndrome at
the Mayo Clinic over the years of this study, patient com-
pliance with compression therapy was not consistently
measured or recorded in the medical record.
Graduated compression stocking therapy has been
shown to reduce the incidence of venous stasis syndrome
after venous thromboembolism.31 However, focusing
compression therapy solely on such patients is unlikely to
significantly reduce the overall incidence of venous stasis
syndrome and venous ulcer in the community. Nearly three
fourths of our patients with incident venous stasis syn-
drome had no documented evidence of previous venous
thromboembolism. Conversely, we previously showed that
venous stasis syndrome after venous thromboembolism
(eg, the postphlebitic syndrome) occurred at a rate of only
1.3% per year in our population; even after 20 years, the
cumulative incidence of postphlebitic syndrome was only
27%.30 The overall incidence of venous thromboembolism
in this population was 117 per 100,000 person-years.29
With these figures and the overall incidence of venous sta-
sis syndrome of 76 per 100,000 person-years, the incidence
of venous stasis syndrome among those without previous
venous thromboembolism is 75 per 100,000 person-years.
Further, with a January 1, 1991, venous thromboem-
bolism prevalence in our population of 811 per 100,000,
the risk of venous stasis syndrome attributable to previous
venous thromboembolism was a mere 12%. This very low
population attributable risk is in spite of a 17-fold increase
in risk of venous stasis syndrome among those with previ-
ous venous thromboembolism compared with those with-
out previous venous thromboembolism. Clearly, venous
stasis syndrome risk factors other than previous venous
thromboembolism (eg, primary venous valvular incompe-
tence, other causes of venous outflow obstruction,
increased central venous pressure) account for the major
burden of this disease in the community. To reduce the
overall burden of venous stasis syndrome and ulcer in the
community, we think compression stocking therapy must
be provided to these groups as well.
In summary, venous stasis syndrome and venous ulcer
are major health problems, particularly among the elderly
and among women of all ages. We conservatively estimate
that these disorders account for at least $200 million
annual United States health care costs. Moreover, the inci-
dence of venous stasis syndrome has not changed signifi-
cantly since 1966, and the incidence of venous ulcer has
not changed since 1980. As the US population ages,
venous stasis syndrome and venous ulcer will become an
even greater health care problem. Future research should
be directed toward identifying additional risk factors for
venous stasis syndrome and predictors for venous ulcer,
and more effective prevention for both.
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aging the study; Janet Ebersold, RN, Kay Traverse, RN,
MaryLou Notermann, RN, and Susan Stotz, RN, for
JOURNAL OF VASCULAR SURGERY
1026 Heit et al May 2001
Fig 3. Average annual incidence of venous stasis ulcer among
residents of Olmsted County, Minn, 1966 to 1990, by sex and
age group.
Fig 4. Age-adjusted incidence of venous stasis ulcer among resi-
dents of Olmsted County, Minn, 1966 to 1990, by sex and cal-
endar year.
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